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A B S T R A C T

We report a case of reinfection by SARS-CoV-2 with the second virus harboring amino acid changes in the
Spike protein (141-143del, D215A, ins215AGY, L452R, D614G), orf1a, helicase, orf3a, and Nucleocapside.
The virus associated with the reinfection, from an endemic lineage containing the S:L452R immune
escape mutation, was circulating in Panama at the time.
© 2021 The Authors. Published by Elsevier Ltd on behalf of International Society for Infectious Diseases.
This is an open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-

nd/4.0/).

Introduction

In March 2020, the World Health Organization declared the
COVID-19 pandemic. As it is evolving, more cases of reinfection by
SARS-CoV-2 are being reported (Gupta et al., 2020; To et al., 2020),
even if it is considered a rare event. New variants with the potential
to spread more efficiently have been described (Naveca et al., 2019;
Tegally et al., 2021). Some mutations in the Spike (S) protein could

increase viral infectivity (Korber et al., 2020; Tegally et al., 2021;
Volz et al., 2021) or decrease sensitivity to neutralizing antibodies
(Hoffmann et al., 2020; Li et al., 2020a,b; Naveca et al., 2019;
Resende et al., 2021; Tchesnokova et al., 2021) and have been
associated with secondary SARS-CoV-2 infections. Here, we report
a case of reinfection with SARS-CoV-2 in Panama, confirmed by
complete genome sequencing, in which the second virus contained
new and previously described mutations implicated in immune
escape and higher transmission.

Methodology

SARS-CoV-2 diagnosis

Viral RNA was extracted from the first nasopharyngeal swab
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sample using Qiagen viral RNA extraction kit and from the second
using Chemagic360 kit. SARS-CoV-2 was detected using the RT-
qPCR Powercheck kits version 1.0 and version 2.0 for the first and
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econd samples, respectively. The cut-off value for both was cycle
hreshold (Ct) < 35.

erology

Antibodies evaluation was performed using Virclia IgM and IgG
onotest. The cut-off index for positive samples was calculated as
0.6 for immunoglobulin(Ig)M and >1.6 for IgG.

iral isolation

Samples were used for inoculation on Vero cells (ATCC CCL81).
nce cytopathic effect was observed in 75% of cells, virus isolation
as confirmed by reverse transcription-quantitative polymerase
hain reaction (RT-qPCR).

enome characterization and phylogenetic analysis

SARS-CoV-2 genome sequencing was performed using ARTIC
etwork protocol. New mutations were confirmed at depth of
50� and allele frequency higher than 15%. Lineage classification
as performed using pangoLEARN version 2021-01-30. A maxi-
um-likelihood tree was drawn using a GTR substitution model

Supplementary methods).

. D protein modeling

RNAs were translated into proteins using MEGA-7 software for
D modeling (Supplementary methods).

esults

ase description

On June 8, 2020, a 36-year-old man with no reported
omorbidities exhibited chest pain since the day before,

myalgia, fever, cephalea, and rhinorrhea (Figure 1A). SARS-
CoV-2 RNA (GMI-PA376271) was detected by RT-PCR with a Ct =
19 for RdRp gene. The patient lives with 4 persons; one of them
had COVID-19 symptoms and was RT-qPCR positive at the same
time. During the 14 days of home quarantine isolation, the
patient developed hyposmia and ageusia. On December 5, 2020,
181 days after the first symptoms onset, he developed cephalea,
myalgia and rhinorrhea. SARS-CoV-2 (GMI-PA584303) was
detected with a Ct = 27 for gene E and a Ct = 28 for RdRp. On
both infections, the patient had total recovery with no sequelae.
SARS-CoV-2 (GMI-PA584303) was isolated and induced a
cytopathic effect on cells. Serology tests between the 2
infections were not done. Forty-four days after the second
infection, serology tests IgM and IgG positive index results were
0.695 and 11.04, respectively.

The patient signed the Gorgas informed consent for clinical
cases, approved by the ICGES IRB (N.1079/CNBI/ICGES/17).

SARS-CoV-2 genome characterization

Whole-genome sequencing showed that both viruses belong to
2 endemic lineages (Figure 1B, Supplementary Figure S1): GMI-
PA376271 (EPI_ISL_1001457) being A.2.4, previously named A.2.1.
(Franco et al., 2020). The second genome GMI-PA584303
accumulated 33 nucleotide mutations compared with reference
MN908947.3 and 23 (21 nucleotide substitutions, 1 deletion, 1
insertion) compared to the first sample GMI-PA376271 (Figure 1C,
Supplementary Table S1). Of these nucleotide substitutions, 15
induced amino acid changes: 3 in the S protein (D215A, L452R,
D614G), 5 in ORF1a (1 in NSP1, 2 in NSP3, 1 in NSP4, 1 in NSP6), 4 in
the Nucleocapsid (N), 2 in helicase and 1 in ORF3a. Additionally, we
detected a nucleotide deletion (21984-21993del) inducing a loss of
3 amino acids (L141del, G142del, V143del) and a nucleotide
insertion (22005-22013 in.) associated with the insertion of 3
amino acids (A215, G216, Y217), balancing the reading frame of the
translated S protein.
igure 1. Timeline of SARS-CoV-2 reinfection case and genomic findings. (A) Time-lapse of SARS-CoV-2 reinfection case with the description of symptoms and laboratory
ndings. (B) Phylogenetic tree of SARS-CoV-2 complete genome from the viruses related to the first and second infections. (C) Mutations identified in the SARS-CoV-2 viruses
om the first and second infections compared with the sequence of reference MN908947.3.
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Mutations in the Spike and Nucleotide proteins

The amino acid mutations identified in the S protein are located
in the subunit S1 (Supplementary Table S1, Supplementary Figure
S2A, Li et al., 2020b; Vilar and Isom, 2021), responsible for receptor
binding. The deletion of amino acid LGV (Leucine, Glycine, Valine)
at positions 141–143 and the insertion of AGY (Alanine, Glycine,
Tyrosine) inducing the substitution D215A are in the N-terminal
domain (NTD). In contrast, the L452R mutation is located in the
region binding domain (RBD) for ACE2 receptor, D614G being
between the RBD and the amino acid bridge between the S1 and S2
subunits.

The mutations S197L, M234I are located in the link region
between the RNA-binding domain and the dimerization domain,
whereas the P383L is in the C-terminal domain of the N protein
(Supplementary Table S1, Supplementary Figure S2B, Cubuk et al.,
2021).

Discussion

We describe the first confirmed SARS-CoV-2 reinfection in
Panama in an immunocompetent patient who presented mild
symptomatic disease during both infections. Reinfections of
seasonal coronaviruses have been described in settings where a
high rate of community infection and/or incomplete immunologic
protection took place (Edridge et al., 2020). Previous SARS-CoV-2
reinfection reported cases showed that an induced neutralizing
antibody response generated by the first infection is not sufficient
for protection (Tohidinia and Sefid, 2020). Several variables could
be implicated in reinfection including the absence of a proper
immune response, low amount of neutralizing antibodies or
viruses with mechanisms to evade the immune response. A caveat
of this clinical case is that there is no serological sample between
both infections to determine if the patient developed neutralizing
antibodies after the first exposure. However, the mild symptoms
after the reinfection could indicate some partial protection, and the
genetic characterization of the viruses showed that the second
virus harbored some mutations already described as implicated in
escape from neutralizing antibodies. The fact that the second virus
was isolated could suggest no or low neutralizing antibodies in the
sample that could have inhibited the infection of cells. The specific
reasons for this reinfection remain an open question.

SARS-CoV-2 genome analysis showed that both infections were
induced by viruses from Panamanian endemic lineages, A.2.4
(Franco et al., 2020) for the first, and A.2.5, containing Spike
mutations D614G and L452R, for the second. Most of the 15
induced amino acid changes in the second virus, as with those in
ORF1a, have not been previously described. Most mutations
detected in S and N, whose coding genes have the highest degree of
variability in the SARS-CoV-2 genome (Vilar and Isom, 2021), have
been previously associated with features that could facilitate
reinfection. D614G mutation in S, with a higher affinity for ACE2
receptor, results in increased infectivity and higher virus trans-
mission (Korber et al., 2020; Li et al., 2020b); probably explaining
why this mutation, detected in most dominant variants, has
overtaken the entire globe (Vilar and Isom, 2021). Spike mutation
L452R, decreasing sensitivity to neutralizing antibodies, has been
associated with immune escape and reinfection and is present in
the variant of interest (VOI) B.1.526.1, and the variants of concern
(VOC) B.1.427 and B.1.429 (Hoffmann et al., 2020; Li et al., 2020a,b;

the NTD of Spike has not been described; however, D215G has been
detected in the VOC B.1.351. As NTD has a role in interaction with
the receptor, future studies are needed to analyze the role of these
Spike mutations. In the N protein, residues S194 and M234 are
some of the most mutated (Vilar and Isom, 2021), suggesting a
purifying selection, and mutation P365S was associated with B cell
epitopes (Tohidinia and Sefid, 2020), suggesting that it could also
let to an immune escape phenotype. These changes may reflect the
ability of the second virus to escape neutralizing antibodies that
could have been produced during the previous infection.

Future studies associated with the genomic surveillance of the
virus should be done to determine the prevalence of the mutations
described, their role in SARS-CoV-2 transmission and immune
escape, their contribution to the reinfection cases in the country
and whether they should be considered VOI.
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